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AFRIAL NAVIGATION BY DEAD REOKONING.™*
By Plerre Maffext.

e a s s mn e e — nman -

The problem to be solved, as presented to i:he pilot or ob-
server of an alrocraft, is as follows: The airoraft starting from
A ‘must land. at ‘B, the only data belng 'l';he speed of the alr-
plane, the altitude (which can be estimated with sufficlent accu-
racy) and the orientation D of the course (Fig. 1).

The above data would be amply sufficient, were it not for
the fact that the airplane is constantly subjected to a wind of
variable direction and strength. 8ince winds exert considerable
influence, both on the speed and dirsction of an aircraft, the
problem oonslsts in determining the magnitude of the variations
. dus to these asrial currents and in deducing from them the new
orlentation to be adopted in order to arrive at the point B.

If the speed and direction of the wind were known, nothin'g
would be simpler than to determine this new ocourse. The followlng
description of the method to be employed in this event is borrowed
from Mr. Le Prieur. ’

Let 0 (Fig. 1) be the ocenter of a oirole whose radius rep-
resents the direction and speed of the aircraft. Let OW repre—
sent the direction a.nd velocity of the prevalling wind on the same
soale. Let OA be the direction in which 1t 1s desired to travel
with referenoe to the earth. Draw a straight line through W par-

allel to OA cutting the oiroumference of the oiroles at x.

* From "Premler Congrés International de la Navigation Aerienne,®
Paris, November, 1931, Vol. 1I, pp. 73-78.
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The direction X0 is the compass beéaring whioh must be mainta ..cd
by the alroraft in following the ocourse OXA The resultant of

X0 (= V) and meis XW, which is pa.r-all.el to 0A, having been
made 80 "By construction. Thus, when the direotion and veloolbty of
the wind are known, there is nothing simpler than to deduce from
them the course to hold by the compass, as also the speed with
reference to the earth (XW), thereby rendering 1t ﬁossible to
regulate its time sochedule exaotly.

The resultant speed, if a course were held edual to the ori-
entation of the itinerary, would be givén in direction and magni-
tude by the dlagonal OY of the parallelogram constructed wlth
the spsed of the alroraft OV and the velocity of the wind OW.
This faot 1la of oomparatively little interest to the pilot, but 1t
can be extremely useful in determining the direotion and veloolty
of the wind, which, unfortunately, are also among the unknown Quan-
titles.

The method given here differs'from the one employed by Le
Prleur, in that the latter, in determining the unknown Quantitieg,
is based on the mean drift, while my method is based on the result-
ant spéed. and the mean drift. I obtain, moreover, the mean drift
by an entirely different method. This method presents fewer. .. 4
ohances for error and simplifies the matter of the sightings
(there beilng only two on & s!.h-gle. point). Furthermore, by means
of a speolal correotor, I obtalin all the useful data by entirely
mechanical means, thus reducing the work of the observer and the
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duration of the operation to a minimm.
| In short, the problem is to determine the ocourse to be held
by the compass and the épeed with reference to the groundi for
this course, knowing the speed OV of the alrplane, its altitide
and the orientatiom of i1ts itinerarr.
' Enown.
OV in direction and magmituds,
H altitude of alroraft.
Unknowa.
OW in dirscticn and magnitudd,
XW in direction and magnituie,
OX in direction and magnituds,

X0 1in direction.

As previously mentiored, the solutlon of the problem depends

upon the knowledge of wird OW in direction and magnitude. 1In
order to find this, we rust first find OY.

DETERMINATION OF MEAN DRIFT AND RESULTANT SPEED-
(Angle of route not corrected.)

By definition, the grift is the difference betwsen the angle
of route and the course to be followed by the compass.

The_mum is the speed of an airoraft with refer-
ence to the gfou:nd.

Like Le Prieur's instriment, the one we are about to desoribe

conslsts essentially of a sight and a corrector.
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The sight may be either a simple sighting Iine, with front
‘and rear sight, or a collimator.

The axis xy of this sight, in its initlal position, is hor-
izontal, parallel to the axis of the alroraft and pointed in the
&irection opposite to that of flight, if mounted behind the wings.
It is pointed in the direction of flight, when mounted in front of
the wings. It covers, in the former case, an angle of 180° to-
ward the rear and in the latter case 180° toward the front (Fig.3)

The corrector is the same for both directions, with pnly a l
slight difference in mounting. This arrangement was adopted, be-
cause the view ls obstruoted by the wings in one directiom or the
other. The rear position 1s more favorable for sighting.

This position of the sight 1s the base on which the following
system is constructed. The sight 1s so construated that it trans-
mits to the corrector, which performs the operations and registers
the results, the angular varlations in both directions. Let B
and @& represent the respective angles formed by the line of sight
with the vertical and horizontal planes passing through its ini-
tial aﬁs. '

We will now see how we can .oa.loula.te OY in magnitude and
direoction. Let us suppose the sight mounted in the rear position,
with 1ts initial axis oriented in the direction of AO. With the
airoraft at B, we will sight, at a time %, any point A, on
the ground (Fig. 3).

By 1is the vertiocal projection of B on the horizontal plane
P, whioch includes the point A, and x,¥, 1s the projection of
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xy on the same plane. Join ‘A to By and turn down the triangls
BB, A with a right angle at -B,: or, after turning domn
(B) B, A. ' '

In this triangle we know (B) B, = B B; = the altitude of the
aircraft. We likewlse know the angle at -A = &, which 15 given
by the lsight. We ocan consequently calculate all the other um-
knowns of the triangle (B) B, A and espeolally the side b.

We now turn down the perpendicular at A on X,¥3 , thus ob-
taining the line AE and a new right triangle B, E A, of whioch
we know one side b and one angle (the angle at B = B which is
glven by the sight). This triangle is therefore perfectly deter-
mined and its position in the plane P 1is likewige determined,
slnoce 1t has a right angle at E and since one apex is the sta~-
tionary point A and one side (ﬁ, E) 18 a known segment of the
line x,y,.

Let us now make another sighting toward A from the point
C, +the new position of the alroraft after the time +', the
altltude of O being the same as the altitude of B.

' For the demonstration, we will take C at any point in space.
Let x'; y'; be the new position of x, y, in the plane P.

As we did for the point B, we oan caloulate 0 by means of
the right triangle (0) C, A. By turning down the perpendiouler
at A onx', y'y, we obtaln the line A E!'. | '

By. the same reasoning as the above, we can prove that the
triangle C; A E'; is perfectly determined in ell its elements,
&8 well as 1ts position in the plane P.



- 6 ~

On examining Fig. 3, we .note that the pointe A By G are
--¢he aploes of any triangle, of which we know two sides and an an-~
gle (the angle at A, which is a funotion of % and of ¥').
Hence this triangle is also perfectly determi_.ﬁed. " But what is
B, 0,7 It is nothing but the projection on the plane B of the
path actually traversed by the airplane ln the time +t+' - %

(by oonstruction in both magnitude and direction). The angle &
is therefore the drift sought. '

It will now suffice to reduce the distance B, C,, in the
time ' - t, to m/s and to construct the parallelogram of forces
(Fig. 1), in order to obtain immediately the wind OW in both
direction and magnltude. From this 1is deduced the corrected .-
course X0 and the ground speed XW.

It is easlly seen that the above demomnstration is valld for
any position of the point A and that 1% likewlise holds good for
the forward orlentation of the sight (Fig. 4).

There is one particular position of A,- for whick the oper-
ations are very simple. This is when A coincides with B;. In
fact, the triangle B B, A 1s reduced to a straight line, either
B B; or BA (Fig 5).

In the triangle (C) C; A we find that the side o of the
right angle coincides with -B;.C;. But, as we have ssen, B, Cy
is the projection, in the 'pla.ne P, of the path actually travers-
ed by the alrplane. In this particular instance, therefore, we
may call o = By, Ci3. This simplified process should be used, when-
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ever possible, which 1s only in the rear positlon.

These varlous operatlons atb -:Eirst'glanoe. seem extremely long
and oomplicated for an observer to make. In faot, they would be,
if the observer had to maks the caloulations himée:li_', one after
the other , but, as I have already sald, the operations are made
entomatically by a speoial oorrector. The only work of the ob-
server is to sight the point A +twice and then to make a few sim-
ple motions, all mechanical.

In case of a flight over water the point A may be oreated

artifiocially by means of small phosphorus floats.

DESCRIPTION OF CORRECTOR-

The whole arparatus conslsts of a slght provided with a chron-

ograph and a correcting device. The latter oconsists of
" 1. A devioce synchronized with the sight and performing the
operations mechanically;

3. An independent recording dewice giving X0 and XW 1in the
simplest manner. I+ transmits asutomatically the corrected angle
of route to the pllot end records the results on paper ruled in
sduare millimeters. |

" After having proolaimed the advantages of my method, it is
only fair that I should mention 1ts weak point, namely, the deter—
mination of the altitude. This difficulty is not experienced over
level surfaces, elther water or land, It may also be overoome, to
a oertain extent, 1n mountainous regions, by taking some summit of
known altitude as the point A. I believe, however, that even un-
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der the most unfavorable oondit;ons, by dgtermining from a map thé
mean altitudes of the regions flown over, when it is_imposaiﬁle tg
nelect any point of exaotiy known altitude, the chances of error .
may be reduoed to & small minimum and that the results will be

seffiolently acourate. '

I am convinoed that this slight difficulty will be largely
offget by the ease of manipulation of the small instrument, which
glves In a fow seconds all the d;ta reQuired for gulding an alr-
plgno toward its goal, in spite of the more often unfavorable con-
ditions.

Translated by the National Advisory Committee for Aeronautios.
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